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分泌表达载体 pFLAG-1，携带 AOX 基因的重组质粒 pFLAG-1-AOX 转化宿主细胞大
肠杆菌 DH5α。DH5α 在不同温度下培养至不同的细胞密度加入不同浓度诱导物
异丙基硫代—β—D—半乳糖苷（IPTG），IPTG 诱导 AOX 基因优化表达。实验表




细胞 AOX。亲和层析纯化可溶的外周质 AOX 融合蛋白。结果显示：优化表达产生
少量、分泌到细胞外周质、可溶的 AOX 融合蛋白和大量不溶的 AOX 融合蛋白。表
达的枯苞（S. guttatum）交替氧化酶为二种形态：相对分子量约为 32kDa 的还原
态单体和分子量约为 64kDa 的氧化态二聚体。 
分离斑叶阿若母（Arum maculatum）花序组织线粒体，线粒体保持完整，蛋
白质浓度为 14.0mg/ml，线粒体 AOX 呼吸活性为平均耗氧 32μmoles/min。用非
离子去污剂 0.5% dBC 把 AOX 从线粒体膜上溶解下来，AOX 酶活性可以恢复
70-100%；DEAE 交联琼脂糖( DEAE-Sepharose)阴离子交换层析纯化 AOX。改进
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在-70℃下，纯化的 AOX 酶交替氧化活性可以保持 6 个月以上。但是纯化的有
活性的 AOX 经 SDS-PAGE 分离和 Western blot 杂交，结果显示，AOX 存在
30-32kDa二个以上不同分子量，经双向电泳分离其等电点范围为pH6.4 至 pH7.4










1.首次构建 AOX 与分泌表达载体 pFLAG-1,建立大肠杆菌 pFLAG-1-AOX 表达
系统,成功地表达 AOX。 
2.交替氧化酶对大肠杆菌有毒害作用，创新性筛选了 AOX 优化表达条件, 降
低 AOX 毒性,为 AOX 原核表达打下基础。 
3.分泌表达载体pFLAG-1大肠杆菌表达系统获得少量可溶的AOX和大量不溶
的 AOX,有望进一步溶解 AOX 为可溶有活性的 AOX,为 AOX 功能和结构研究提供样
品。 
4. 建立双向电泳体系分离纯化的AOX,首次提出斑叶阿若母AOX为等电点不
同(pH6.4-7.4)的 4 个蛋白质点,为 AOX 氨基酸序列测定打下基础。 
5. 银染显色 AOX,提出纯化后的 AOX 同时存在 4个分子量不同的条带。 
 6.创新性添加蛋白酶抑制剂,稳定 AOX 活性, AOX 高活性在-70℃ 保持 6 个
月以上。 


















Over-Expression of AOX in  Escherichia coli  and Purification 
of AOX from Arum maculatum 
Abstract 
Alternative oxidase(AOX)，a terminal oxidase located in the inner 
mitochondrial membrane , has been identified universally in plant, algae, 
fungi, and protozoan. AOX branches from the cytochrome pathway at the 
level of the ubiquinone and catalyses the oxidation of ubiquinol and 
reduction of oxygen to water. There is non-protonmotive and energy is 
liberated as heat instead of producing ATP. AOX is a member of di-iron 
carboxylate proteins. Two structural models exist for AOX and the latest 
one is a monotopic protein instead of span membrane. Relatively little 
is known about its 3-dimensional structure. Main reason is that the 
sufficient quantities of AOX suitable for crystallogram structural 
studies is unavailable for its unstable. 
The objective of research is to produce large amount of AOX for 
cystallogram structure studies. The aim is achieved by over-expression 
of AOX from Sauromattum guttatum in E.coli and purification of AOX from a 
plant sauce (Arum maculatum) mitochondrial. 
The recombined plasmid of pFLAG-1-AOX were transformed into E. coli 
DH5α for expression. E. coli DH5α freshly transformed with the indicated 
expression plasmid were cultured and harvested as described in Materials 
and Methods. AOX was over-expressed with IPTG inducing under optimal 
conditions: temperature 37℃, cell density OD600=0.6 and inducer IPTG 
concentration 0.2mmol/L.To assay the expression level, the cell were 
broken by osmotic shock, and the inclusion body fraction separated from 
a fraction containing both soluble and membrane-bound proteins. The 
soluble and membrane protein sample was further fractionated to obtain 
a membrane pellet. Samples were loaded on a denaturing SDS-PAGE on the 















inspection with Western blot. The soluble protein was purified with 
affinity gel. The S. guttatum AOX expressed in E. coli DH5α were 
identified as two different protein bands of monomer ～ 32kDa and 
dimmer ～64kDa.  
Spadices of thermogenic A. maculatum plants were collected in local 
Sussex woods. Immediately following collection, mitochondria were 
isolated and purified on Percoll gradients as described in Materials and 
Methods. AOX activity was determined by oxygen consumption measurements 
using a oxygen electrode. To separate matrix and membrane of mitochondrial 
with osmotic shock, the mitochondrial was incubated with DTT and sodium 
pyruvate on ice. The AOX was solubilised from pellets (membrane) and was 
further separated to insoluble fractions. The fractions of whole 
mitochondrial, membrane and soluble protein showed high AOX activity, 
while the fractions of matrix and insoluble protein showed little AOX 
activity. Purified AOX with FPLC from spadices of A. maculatum exhibits 
a high specific activity, consuming on average 32µmolmin-1 O2, which is 
completely stable for at least 6 months when the sample is stored at -70 
℃. The AOX purified from A. maculatum was identified as more than two 
different protein bands which were in arrange from 30 kDa to 32 kDa. 
2-dimensional electrophoresis showed 4 isoelectric points in the range 
from pH6.4 to pH7.4 respectively. 
In this paper, the following protein engineer technologies were 
involved to obtain active soluble AOX: bacterial cell culture, 
transformation, optimal protein expression, location of protein within 
cell, isolation of mitochondrial, solubilisation of AOX from membrane, 
purification of AOX with affinity chromatography and DEAE-Sepharose, 
SDS-PAGE, Western blot,2-dimensionaleletrophoresis,oxygen electrode and 
silver stain. The soluble AOX was successful purified from E. coli cell 
periplasm and the high active AOX was obtained from A.maculatum. Purified 















In conclusion, this paper firstly reported the following researching 
results:  
1.we successfully reconstructed the recombined plasmid of pFLAG-AOX, 
which was induced to expressed the AOX in E.coli.  
2.The AOX expression is toxic to host cell  and we do the optimal 
expression to produce the AOX.  
3.The secrete expression vector of pFLAG-1-AOX can produce a little 
soluble AOX and a great lot of insoluble AOX.  
4. We set up a system of 2-D to separate the purified AOX  to 4 
different Ip protein points from pH6.4 to pH7.4. 
5. Silver stain showed the purified AOX is a protein with 4 different 
molecular weight bands.  
 6.We purified the AOX ,which keep high active for more than 6 monthes 
when it is stored under-70℃. 
  7. The purified AOX adding pyruvate could keep active for 2 days on 
room temperature.  
 
















2-DE      two-dimensional eletrophoresis        双向电泳 
AOX       alternative oxidase                   交替氧化酶 
Amp       Ampicillin                            氨苄青霉素 
BAP       bacterial alkaline phosphatase        细菌碱性磷酸酶 
BCA       Bicinchoninic acid                    二辛可宁酸 
BSA       bovine serum albumin                  牛血清白蛋白 
Da        Dalton                                道尔顿 
dBC(deoxyBigCHAP),  N,N-bis(3-gluconamidopropy) deoxycholamide; 
C42H75N3O15   商品名  dBC的非离子蛋白质去污剂 
DEAE      diethylaminoethyl                    二乙基氨基乙基 
DQ        duroquinone                          四甲基对苯醌 
DQH2      duroquinol                           四甲基对苯二酚 
DTT       dithiothreitol                       二硫苏糖醇 
EDTA      thylene diaminetetraacetic acid      乙二胺四乙酸 
E64       L-trans-Epoxysuccinyl leucylamido(4-guanidino)-butane   
          半胱氨酸蛋白酶抑制剂                             
FPLC     fast protein liquid chromatography    快速蛋白液相色谱  
GM       grind media                           研磨缓冲液                          
IFE      isoelectric focusing electrophoresis  等电聚焦电泳 
IPA                                            异丙醇 
IPG      immobilized pH gradients              预制pH胶条 
IPTG     isopropyl-β-D-thiogalactoside  异丙基硫代—β—D—半乳糖苷 
kDa      kiloDalton                            千道尔顿 
Lac      lactose                               乳糖 
Mr       Marker                                分子量标记 
MOPS  3-(N-morpholino) propanesulfonic acid    丙磺酸 
O       operator                               操纵子 















PAGE      polyacrylamide gel electrophoresis         聚丙烯酰胺凝胶电泳 
P         promoter                             启动子 
pI        Isoelectric point                    等电点 
PMSF      phenylmethylsulfonyl fluoride        苯甲基磺酰氟 
SDS       sodium dodecyl sulfate               十二烷基硫酸钠 
TCA       trichloroacetic acid                 三氯乙酸 
TEMED      N，N，N’,N’                       四甲基乙二胺 
TAO       trypanosome alternative oxidase      锥体虫交替氧化酶 
Tris      tris(hydroxymethyl)aminomethane      三(羟甲基)氨基甲烷 
Tween-20  polyoxyethylene-sorbitan monolaurate 吐温20 
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